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Abstract
Background: The treatment of forearm fracture-nonunions continues to represent a therapeutic
challenge, and reported outcomes are moderate at best. Limiting aspects of this particular anatomic
location include the relation between restoration of shaft length with the anatomy and long-term
functional outcome of adjacent joints, as well as the risk of elbow and wrist stiffness related to
prolonged immobilization. The present study was designed to assess the outcome of autologous
bone grafting with compression plating and early functional rehabilitation in patients with forearm
fracture non-unions.
Methods: Prospective follow-up study in 31 consecutive patients presenting with non-unions of
the forearm diaphysis (radius, n = 11; ulna, n = 9; both bones, n = 11). Surgical revision was
performed by restoring anatomic forearm length by autologous bone grafting of the resected non-
union from the iliac crest and compression plating using a 3.5 mm dynamic compression plate
(DCP) or limited-contact DCP (LC-DCP). The main outcome parameters consisted of
radiographic bony union and functional outcome, as determined by the criteria defined by Harald
Tscherne in 1978. Patients were routinely followed on a short term between 6 weeks to 6 months,
with an average long-term follow-up of 3.6 years (range 2 to 6 years).
Results: Radiographically, a bony union was achieved in 30/31 patients within a mean time of 3.5
months of revision surgery (range 2 to 5 months). Clinically, 29/31 patients showed a good
functional outcome, according to the Tscherne criteria, and 26/31 patients were able to resume
their previous work. Two postoperative infections occurred, and one patient developed a
persistent infected nonunion. No case of postoperative failure of fixation was seen in the entire
cohort.
Conclusion: Revision osteosynthesis of forearm nonunions by autologous iliac crest bone grafting
and compression plating represents a safe and efficacious modality for the treatment of these
challenging conditions.
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Background
The surgical treatment of diaphyseal forearm fracture-
nonunions remains a therapeutic challenge for orthopae-
dic trauma surgeons. Key to success in the management of
these demanding conditions is to develop a comprehen-
sive treatment concept which considers the forearm and
its adjacent joints, the elbow and wrist, as a complex func-
tional unit [1,2]. Nonunions of the radius and ulna shaft
cause a severe anatomic and functional impairment,
related to disturbance of the interosseous membrane and
dysfunction of the adjacent joints, elbow and wrist [3-6].
These demanding nonunions require the surgical correc-
tion to restore the anatomy of the forearm and to improve
function [1,7]. New techniques have been recently postu-
lated for the treatment of forearm nonunions, including
distraction-compression osteogenesis, locked plating, and
locked intramedullary nailing [8-10]. In addition, free fib-
ula transfer flaps have been advocated as a means to
restore anatomic length and ensure bony union [11,12].
In the present study, we evaluated the long-term radiolog-
ical and clinical outcome of 31 consecutive patients
treated by autologous bone grafting and compression
plating for fracture-nonunions of the forearm. We
hypothesized that this "classic" treatment concept would
result in excellent clinical outcome and a low incidence of
long-term functional impairment.
Methods
A retrospective analysis of a prospective database of all
consecutive patients treated for fracture-nonunions of the
forearm was performed at a single academic center (Dept.
of Orthopaedics and Traumatology, Federal University of
Sao Paulo, Brazil). The inclusion criteria consisted of all
adult patients (> 18 years) of either gender with posttrau-
matic nonunions of the radius and/or ulna shaft, in
absence of an active infection. Patients with nontraumatic
forearm pseudarthrosis, infected nonunions, or with an
associated neurological impairment of the ipspilateral
upper extremity, which may preclude from an adequate
functional assessment, were excluded from analysis. All
surgical procedures were performed by a single surgeon
(F.B.R.). Nonunions were classified according to the
standard classification by Weber and Cech [13]. The pre-
operative plan included plain X-rays of the forearm, wrist
and elbow, in antero-posterior (a.p.) and lateral views.
The presence of infection was excluded by preoperative
analysis of systemic infection parameters (WBC, sedimen-
tation rate, CRP) and by intraoperative tissue samples of
the resected nonunions which were sent for microbiology
cultures and histopathological workup. The standardized
treatment concept (Figure 1) consisted of resection of the
forearm nonunion, autologous bone grafting with a tri-
cortical graft from the iliac crest with anatomic restoration
of the foreram length, as determined by intraoperative
fluoroscopy assessment of the adjacent joints, and com-
pression plating using a stainless steel small fragment (3.5
mm) dynamic compression plate (DCP) or limited-con-
tact DCP (LC-DCP). Radiological and functional outcome
was determined at a minimum of 2 years follow-up, with
standardized intervals at 3, 6, 12, and 24 months after
revision surgery. The functional outcome was evaluated
according to the criteria defined by Tscherne et al. [14].
These criteria include the range of motion of forearm pro-
/supination, wrist and elbow flexion and extension, ulnar
shift/deviation, and positive/negative ulnar variant on
wrist X-rays. Bony union was defined in the presence of a
minimum of three bridging cortices in plain X-rays of the
forearm in a.p. and lateral views, in absence of pain at the
nonunion site.
Results and discussion
A total of 32 consecutive patients were available for pro-
spective enrollment. One patient died from a cardiovascu-
lar condition (myocardial infraction) in the postoperative
course and was therefore lost to follow-up. The remaining
31 patients (27 males and 4 females; median age 30 years)
presenting with forearm fracture-nonunions were pro-
spectively enrolled into this study. Of these, 26 patients
had their dominant arm affected, and 8 patients had a pre-
vious history of infection. Eleven patients presented with
a both bone fracture-nonunion, and 20 patients had a sin-
gle bone affected (11 radius, 9 ulna shaft). Eight patients
had a history of a previous local infection, which however
was completely healed at the time of revisions surgery, as
determined by negative intraoperative bone biopsies and
tissue cultures. The number of previous surgeries on the
affected forearm varied from 1 to 5 (median 1.5). Patients
presented with a fracture-nonunion within 5 to 24
months after the initial surgery (median of 7.5 months).
Preoperative planning scheme for nonunion resection, place- ment of corticocancellous iliac crest bone graft, and com- pression plating Figure 1
Preoperative planning scheme for nonunion resec-
tion, placement of corticocancellous iliac crest bone 
graft, and compression plating.
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According to the Weber and Cech classification, 28 cases
(90%) were defined as atrophic, nonviable nonunions.
Fourteen of these 28 patients had a segmental bone defect
ranging from 1 to 5 cm (median 2.3 cm). Radiographi-
cally, a bony union was achieved in 30/31 patients within
a mean time of 3.5 months of revision surgery (range 2 to
5 months). Clinically, 29/31 patients showed a good
functional outcome, according to the Tscherne criteria,
and 26/31 patients were able to resume their previous
work. An illustrative case example of uneventful nonun-
ion healing is shown in figure 2.
Two patients developed a posteroperative infection, of
which one case was successfully managed by surgical deb-
ridement and antibiotics for two weeks. The other patient
developed a persistent infected nonunion requiring fur-
ther revision surgery. This was the only case of the entire
cohort of 31 patients which failed to achieve bony union.
No postoperative failure of fixation was seen in any
patient. One patient was lost to long-term follow-up sec-
ondary to death related to a cardiovascular event at 5
months, when the nonunion was fully healed. No associ-
ation was shown between the time of bony union and the
time elapsed between the trauma and the last surgery
prior to presentation with a nonunion (data not shown).
Residual radiological or clinical deformities were
observed in 13 patients (table 1). These radiological find-
ings did not appear to significantly influence the func-
tional outcome, based on the observed clinical outcome
in 29/31 patients, as defined by the Tscherne criteria, with
less than 10% of restricted range of motion at the wrist
and elbow (table 2). Regarding forearm rotation (pro-/
supination), 17/31 patients presented losses lower than
20 degrees, and 9/31 presented moderate results with pro/
-supination loss between 20–40 degrees. A total of 26/31
patients were able to resume their previous work.
This study demonstrates the efficacy and safety for the
treatment concept of autologous bone grafting and com-
pression plating for forearm fracture-nonunions, leading
to excellent radiological and functional long-term out-
come. Reconstruction of the anatomy of both forearm
bones is of crucial importance in the management of the
diaphyseal forearm nonunions [1-6]. The concept of cor-
ticocancellous iliac crest bone grafting and compression
plating for, was previously postulated as an early treat-
ment strategy for traumatic segmental defects of the upper
extremity, including forearm fractures [15]. Despite open
wounds in some patients which healed by secondary
intention, the exposed cortical bone graft was not shown
Clinical case example of a patient with a fracture-nonunion of  the ulna shaft secondary to an unstable treatment modality  using a small fragment tubular plate, lacking adequate stability  with interfragmentary compression (A) Figure 2
Clinical case example of a patient with a fracture-
nonunion of the ulna shaft secondary to an unstable 
treatment modality using a small fragment tubular 
plate, lacking adequate stability with interfragmen-
tary compression (A). Revision surgery was performed by 
corticocancellous bone grafting and compression plating 
using a more rigid construct with a dynamic compression 
plate (B). Panel C shows the fully healed radius fracture and 




Table 1: Clinical and radiological residual deformities in 13 
patients following revision surgery for forearm fracture-
nonunions
Residual deformity Number of patients (total n = 13)
Positive ulnar variant: 1 mm 4
Positive ulnar variant: 2 mm 1
Negative ulnar variant: 1 mm 2
Ulnar head prominence 2
Ulnar head absence 1
Loss of radial bow 3
Table 2: Functional outcome in 30 patients with radiologically 
healed forearm fracture nonunions, assessed 6 months after 
revision surgery
ROM* wrist Number of patients
Normal (identical to contralateral side) 26
Flexion/extension 90°/0°/60° 3
Limited ulnar shift 1
ROM* elbow Number of patients
Normal (identical to contralateral side) 27
Extension/flexion 0°/20°/120° 1
Extension/flexion 0°/30°/120° 2
Forearm rotation Number of patients
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to be prone to infection [15]. More recently, a retrospec-
tive analysis of 41 patients with comminuted both bone
forearm fractures treated by compression plating with or
without primary bone grafting determine a nonunion rate
of 12%, and no benefit was revealed for early bone graft-
ing with regard to the rate of union [16]. Barbieri and col-
leagues reported their experience in a case series of 12
patients treated by iliac crest bone block grafting and com-
pression plating for diaphyseal defects of the forearm, sec-
ondary to infection and bone loss [17]. The authors
demonstrated a successful union in 10/12 patients, within
a mean time period of 17 weeks after the surgical revision
[17]. However, a high rate of 30% recurrent infections of
was reported in this cohort, which questions the safety of
autologous bone grafting in the setting of posttraumatic
infection and chronic osteomyelitis. Similarly, Moroni
and colleagues reported a high incidence of infection of
12.5% after intercalary bone graft fixation in patients with
isolated forearm nonunions [18]. In the present study, the
incidence of postoperative infection was much lower (2/
31 patients). One case resulted in failure by developing a
chronic infected nonunion, while the other case was suc-
cessfully managed by surgical debridement and antibiotic
therapy, resulting in a healed union and a good functional
long-term outcome. Bony union were achieved in 96.7%
of all cases (30/31) on average time of 3.5 months. The
functional outcome measured by the Tscherne's criteria
showed good results in 26/31 patients. Based on these
findings, our data confirm the safety and efficacy of autol-
ogous bone grafting and compression plate fixation of
fracture nonunions of the forearm [19].
Conclusion
Autogenous cortical bone grafts were historically
described as a successful modality for the reconstruction
of traumatic segmental skeletal defects [20-23]. While the
plate fixation of forearm fractures remains the gold stand-
ard, complications have been shown to occur in up to
28% of all patients [24]. One of the major challenges of
long-term complications are forearm nonunions with
bone loss and segmental defects. In the present study, we
demonstrate the safety and efficacy of corticocancellous
iliac crest bone grafting and compression plating for revi-
sion fixation of forearm fracture-nonunions, leading to
excellent radiological and functional long-term outcomes.
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